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(54) Tissue sealant and growth factor containing compositions tliat promote accelerated wound 
healing 

(57) This invention provides a growth factor-supple- 
mented tissue sealant and methods for using said seal- 
ant to promote wound healing, endothelialization of vas- 
cular prostheses, and the in vitro proliferation and dif- 
ferentiation of animal cells. In particular, this invention 
provides fibrin glue that is supplemented with at least 
one growth factor, such as heparin binding growth factor 
and/or bone morphogenic proteins. The particular 
growth factor or factors selected is a function of its use. 
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Description 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application is a continuation-in-part of 
United States Patent Application Serial No. 07/618,419 
which was filed on November 27, 1990, and which is 
herein incorporated by reference. 

FIELD OF INVENTION 

[0002] This invention is directed to growth factor-sup- 
plemented tissue sealants, such as fibrin glue, that pro- 
mote: accelerated wound healing- such as of the skin 
and bone; endotheliallzation of vascular prostheses; 
and the In vitro proliferation and/or differentiation of an- 
imal cells, such as endothelial cells and fibroblasts. This 
invention Is further directed to providing a means for de- 
livering and maintaining prolonged contact between a 
growth factor(s) - supplemented fibrin glue and wounds, 
vascular protheses and cells growing in vitro. 

BACKGROUND OF THE INVENTION 

[0003] Wound healing, the repairof lesions, begins al- 
most instantly after injury. It requires the successive co- 
ordinated function of a variety of cells and the close reg- 
ulation of dogradative and regenerative steps. It in- 
volves fibrin clot formation, resorption of the clot, and 
epithelialization. Wound healing involves the formation 
of highly vascularized tissue that contains numerous 
capillaries, many active fibroblasts, and abundant colla- 
gen fibrils, but not the formation of specialized skin 
structures. 

[0004] The process of wound healing can be Initiated 
by thromboplastin which flows out of injured cells. 
Thromboplastin contacts plasma factor VII to form factor 
X activator, which then, with factor V and in a complex 
with phospholipids and calcium, converts prothrombin 
into thrombin. Thrombin catalyzes the release of fibri- 
nopeptides A and B from fibrinogen to produce fibrin 
monomers, which aggregate to form fibrin filaments. 
Thrombin also activates the transglutaminase, factor XI- 
lla, which catalyzes the formation of isopeptide bonds 
to covalently cross-link the fibrin filaments. Alphag-an- 
tiplasmin is then bound by factor XIII onto the fibrin fila- 
ments to thereby protect the filaments from degradation 
by plasmin. 

[0005] When a tissue is injured, polypeptide growth 

factors which exhibit an array of biological activities are 
released into the wound where they play a crucial role 
in healing (see, e.g., i-lormonal Proteins and Peptides, 
U, C.H., ed., Volume 7, Academic Press, Inc. New York, 
pp. 231-277 and Brunt ef a/,, Bioteclinology 6:25-30 
(1988)). These activities include, recruiting cells, such 
as leukocytes and fibroblasts, into the injured area, and 
inducing cell proliferation and differentiation. Growth 
factors that participate in wound healing include; plate- 
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let-derived g ro wth facto r(PDGF),insulin-bindinggrowth 
factor-1 (IGF-1), insulin-binding growth factor-2(IGF-2), 
epidemial growth factor (EGF), transforming growth fac- 
tor-a (TGF-a), transforming growth factor-p (TGF-P), 

5 platelet factor 4 (PF-4), and heparin binding growth fac- 
tors one and two (HBGF-1 and HBGF-2). 
[0006] PDGFs, which are stored in the alpha granules 
of circulating platelets, are released at wound sites dur- 
ing blood clotting (see, e.g., Lynch ef a/., J. Clin. Invest. 

10 84:640-646 (1989)). PDGFs include: PDGF, platelet de- 
rived anglogenesis factor (PDAF), TGF-(3 and PF-4, 
which is achemoattractantfor neutrophils (see, Knight- 
on ef a/., In Growtii Factors and Other Aspects of Wound 
Healing: Biological and Clinical Implications, Alan R. 

1S Liss, Inc., pp. 319-329 (1988)). PDGF Is a mitogen and 
chemoattractantforfibroblasts and smooth muscle cells 
and Is a stimulator of protein synthesis In cells of mes- 
enchymal origin, Including fibroblasts and smooth mus- 
cle cells. PDGF is also anonmitogenicchemoattractant 

20 for endothelial cells. 

[0007] IGF-1 acts in combination with PDGF to pro- 
mote mitogenesis and protein synthesis in mesenchy- 
mal cells in culture. Application of either PDGF or IGF- 
1 to skin wounds alone does not enhance healing, but 

25 application of both factors together appears to promote 
connective tissue and epithelial tissue growth (Lynch ef 
a/., Proc. Natl. Acad. Sci. 76:1279-1283 (1987)). 
[0008] TGF-P is a chemoattractant for macrophages 
and monocytes. Depending upon the presence or ab- 

30 sence of other growth factors, TGF-p may stimulate or 
inhibitthe growth of many cell types. For example, when 
applied in vivo, TGF-p Increases the tensile strength of 
healing-dermal wounds. TGF-p also inhibits endothelial 
cell mitosis, and stimulates collagen and gly- 

35 cosaminoglycan synthesis by fibroblasts. 

[0009] Other growth factors, such as EGF, TGF-a, the 
HBGFs and osteogenin, are also Important In wound 
healing. EGF, which Is found in gastric secretions and 
saliva, and TGF-a, which is made by both normal and 

40 transformed cells, are structurally related and may rec- 
ognize the same receptors, which mediate cell prolifer- 
ation on epithelial cells. Both factors accelerate reepl- 
thelialization of skin wounds. Osteogenin, which has 
been purified from demineralized bone, appears to pro- 

45 mote bone growth (see, Luyten ef a/. , J. Biol. Chem. 264: 
13377 (1989)). 

[0010] The HBGFs, which include the acidic HBGF-1 
and the basic HBGF-2 polypeptides, are potent mi- 
togens for cells of mesodermal and neuroectodermal 

50 lineages, including endothelial cells (see, e.g.. Burgess 
etai., Ann. Rev. Biochem. 5S:575-606 (1989)), In addi- 
tion, HBGF-1 is chemotactic for endothelial cells, fibrob- 
lasts and astroglial cells. Both HBGF-1 and HBGF-2 
bind to heparin, which protects these factors from pre- 
ss teolytic degradation. The array of biological activities ex- 
hibited by the HBGFs suggests that they play an Impor- 
tant role in wound healing. 

[0011] Growth factors are, therefore, potentially use- 
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ful for specifically promoting wound healing and tissue 
repair. The addition of exogenous growth factors to a 
wound has been shown to increase the rate at which the 
wound is closed, the nunnber of cells in the healing area, 
the growth of blood vessels, the total rate of deposition s 
of collagen, and strength of the scar (see, e.g., Carter 
ef a/., in Growth Factors and Other Aspects of Wound 
Healing: Biological and Clinical Implications, Alan R. 
Liss, Inc., pp. 303-317 (1988)). Platelet-derived wound 
healing formula (PDWHF), a platelet extract which Is in io 
the form of a salve or ointment for topical application, 
has been described (see, e.g., Knighton ef al., Ann. 
Surg. 204:322-330 (1 986)). 

[0012] Experiments designed to test the efficacy of 
topical application of growth factors, however, have fs 
yielded inconsistent results. PDGF, IGF-1 , EGF, TGF-p 
and fibroblast growth factor (FGF or HBGF) applied sep- 
arately to a model wound system had little effect on the 
regeneration of connective tissue or epithelium in the 
wounds (Lynch ef al., J. Clin. Invest. 84:640-646 so 
(1989)). Of the factors tested, TGF-p stimulated the 
greatest response alone. A combination of factors, such 
as PDGF-2 homodimer and IGF-1 orTGF-a, however, 
produced "a dramatic increase in connective tissue re- 
generation and epithelialization." However, others have 25 
reported that application of Individual growth factors to 
a wound stimulated wound healing (see, e.g., Tsuboi ef 
a/., J. Exp. Med. 172:245-251 (1990)). 
[0013] The reasons for such inconsistent results are 
notknown.butmightbethe result of difficulty in applying 30 
growth factors to a wound in a manner in which they can 
exhibit their normal array of biological activities. Be- 
cause of such inconsistent results, the role played in 
stimulating wound healing by exogenously applied 
growth factors is not clear Further, a means by which 35 
growth factors might be applied to internal wounds to 
produce prolonged contact between the wound and the 
growth factor(s) is not presently known. 
[0014] Surgical adhesives and tissue sealants which 
contain plasma proteins are known and are used for 40 
sealing internal and external wounds in order to reduce 
blood loss and maintain hemostasis. Such sealants typ- 
ically contain blood clotting factors and other blood pro- 
teins. For example, European Patent 0,068,047 de- 
scribes an anhydrous powderthat is derived from an en- 45 
riched plasma fraction that contains fibrinogen, a fibri- 
nolysis inhibitor, and thrombin or prothrombin. It can on- 
ly be applied as a powder because a clot fonns as soon 
as water is added. Australian Patent AU-A-75097/87 de- 
scribes a one-component adhesive, which contains an so 
aqueous solution of fibrinogen, factor XIII, a thrombin 
inhibitor, such as antlthrombin 111, prothrombin factors, 
calcium ions, and, If necessary, a plasmin inhibitor. Stro- 
etmann.U.S. Patent Nos. 4,427,650 and 4,427,651 , de- 
scribes the preparation of an enriched plasma derivative ss 
in the form of a powder that contains fibrinogen, 
thrombin and/or prothrombin, and afibrinolysis inhibitor, 
and may also contain other ingredients, such as a plate- 



let extract. Rose ef a/., U.S. Patent Nos. 4,627,879 and 
4,928,603 disclose methods for preparing cryoprecipi- 
tated suspensions that contain fibrinogen and Factor XI- 
II and their use to prepare a fibrin glue. JP 1 -99565 dis- 
closes a kit forthe preparation of fibrin adhesives, Alter- 
baum, R. (U,S. Patent No, 4.714,457) and Morse ef a/„ 
(U.S. Patent No. 5,030,215) disclose methods to pro- 
duce autologous fibrin glue. In addition, improved fibrin 
glue delivery systems have been disclosed (Miller ef a/., 
U.S. Patent No. 4,932,942; Morse eta!., PCT Applica- 
tion WO 91/09641). 

[0015] Fibrin glue, which is also called fibrin sealant, 
is primarily formulated for clinical topical application and 
is used to control bleeding and promote wound healing. 
The clinical uses of fibrin glue have recently been re- 
viewed (Gibble ef al., Transfusion 30:741-747 (1990); 
Lerner et al., J. Surg. Res. 48:165-181 (1990)). Fibrin 
glues are commercially available. For example, IMMU- 
NO AG (Vienna, Austria) and BEHRINGWERKE AG 
(Germany) presently have such products on the market 
(see, e.g., U.S. Patent Nos. 4,377,572 and 4,298,598, 
which are owned by IMMUNO AG). BAXTER TRAVEN- 
OL(Waukegan, IL) has recently developed a fibrin glue. 
[0016] Fibrin glues are prepared from plasma. The 
precise components of each fibrin glue are a function of 
the particular plasma fraction used as a starting materi- 
al. Typically fibrin glue contains a mixture of proteins 
that, upon mixing with thrombin, form a clot For exam- 
ple, fibrin glue can be prepared from plasma by cryopre- 
clpitation followed by fractionation, to yield a composi- 
tion that forms a sealant or clot upon mixture with 
thrombin or an activator of thrombin. Fractionation of 
plasmacomponents can be effected by standard protein 
purification methods, such as ethanol, polyethylene gly- 
col, and ammonium sulfate precipitation, and ion ex- 
change, and gel filtration chromatography. 
[0017] Fibrin glues generally include a fibrinogen con- 
centrate, which contains fibronectin, Factor XIII, von 
Willebrand factor, and dried human or bovine thrombin. 
It is prepared in lyophilized form and is mixed with a so- 
lution of calcium chloride Immediately prlorto use. Upon 
mixing, the components coagulate on the tissue surface 
and form a clot that includes cross-linked fibrin. Factor 
XllL which is present in the fibrinogen concentrate, cat- 
alyzes the cross-linking. Fibrin glue, by sealing tissues 
face to face, prevents air or fluid leaks, and thereby in- 
duces hemostasis. By virtue of the abilily to maintain he- 
mostasis and reduce blood loss, fibrin glue promotes 
wound healing. It does not, however, possess true 
wound healing properties. Because fibrin glue is suita- 
ble for both internal and external Injuries and is useful 
to maintain hemostasis, it would be desirable to en- 
hance its v.'ound healing properties. 
[0018] Fibrin glue with a fibrinogen concentration of 
approximately 39 g/l and a thrombin concentration of 
200-600 U/ml produced wounds with significantly in- 
creased stress, energy absorption and elasticity values 
(Byme ef a/., Br. J. Surg. 78:841-843 (1991)). In addi- 
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tion, fibrin glue did not affect ectopic osteo-chondrogen- 
esis induced by bone morphogenetic protein in mice 
(Hattori, T, Nippon Seikeigeka Gakkai. Zasshi. 64: 
824-834(1990)). 

[0019] Artificial vascular prostheses, wliich are fre- 
quently made out of polytetraf luoroethylene (PTFE), are 
used to replace diseased blood vessels in humans and 
other animals. To maxinnize patency rates and minimize 
the thrombogenicity of these vascular prostheses vari- 
ous techniques have been used including seeding of no- 
nautologous endothelial cells onto the prothesls. Vari- 
ous substrates which adhere both to the graft and en- 
dothelial cells have been investigated as an intermedi- 
ate substrate to increase endothelial cell seeding. 
These substrates include preclotted blood (Herring ef 
a/., Surgery 84:498-504 (1978)), fibrin glue (Rosenman 
etal., J. Vase. Surg. 2:778-784 (1985); Schrenk ef a/., 
Thorac. Cardiovasc. Surg. 35:6-10 (1986); Koveker ef 
a/., Thorac. Cardiovasc. Surgeon 34: 49-51 (1986);Zilla 
ef a/., Surgery 105:515-522 (1989)), fibronectin (see, e. 
g., Kesler ef a/., J. Vase. Surg. 3:58-64 (1 986); Macarak 
etal., J. Cell Ptiysiol. 116:76-86 (1983); Ramalanjeona 
etal., J. Vase. Surg. 3:264-272 (1986)), or collagen (Wil- 
liams etal., J. Surg. Res. 38:618-629 (1985)), However, 
one general problem with these techniques is that non- 
autologous cells are used for the seeding, (see, e.g., 
Schrenk etal., supra)thus, raising the possibility for tis- 
sue rejection, and furtherthat a confluent endothelium, 
if ever established, requires months. As a result of this 
delay, there is a high occlusion rate (see, e.g., Zllla ef 
a/., supra). In addition, endothelial cell damage and cell 
loss occur due to shear stress {Id). 
[0020] In bone nonunion defects there is a minimal 
gap above which no new bone formation occurs natu- 
rally. Clinically, the treatmentforthese situations is bone 
grafting. The source of bone autografts is usually limited 
and the use of allogenic bones involves a high risk of 
viral contamination. Because of this situation, the use of 
demineralized, virally inactivated bone powder is an at- 
tractive solution. The bone demineralized matrix (DBM) 
contains growth factors and bone morphogenic proteins 
(BMP's) that are able to induce formation of new bone 
in animal models when the DBM is held in place (im, ip 
or sc) with a variety of materials including fibrin glue 
(Schwai7 ef a/,, Clin. Orthopaed. Related Hes. 238: 
282-287 (1989)). From the immunogenic point of view, 
DBIVi is species specific and the higher the animal is in 
the evolutionary scale the less osteoinductive it is. Hu- 
man DBIVI has, for this reason, limited applications. 
[0021] Purified BMP's of natural (Mark etal., Plastic 
Reconstr Surg. 36:623-630 (1990)) or recombinant 
(D'Alessandro ef a/., J. Cell. Blochem. 15F:Q-\05, Ab- 
stract (1990)) origin have osteoinductive effects in ani- 
mal models when delivered by a variety of means in- 
cluding whole blood clots (Wang etal., J. Cell. Blochem. 
15F:Q20 Abstract (1990)) orfibrin glue (Hatori, Nippon. 
Seikeigeka. Gakkai. Zasshi. 64:824-834 (1 990)). 
[0022] It is therefore an object of this invention to pro- 
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vide a growth factor-supplemented tissue sealant, such 
as fibrin glue, that has the ability to promote: wound 
healing, such as of the skin and bone; endothelialization 
of vascular protheses; and the in wfro proliferation and/ 
5 or differentiation of animal cells, such as endothelial 
cells and fibroblasts. 

[0023] It is also an object of this invention to provide 
methods for delivering growth factor(s) to wounded tis- 
sue, to vascular prostheses and to animal cells, such as 
10 endothelial cells and fibroblasts, cultured in vitro, and to 
maintain the growth factor(s) In contact with the injured 
tissue, vascular prostheses and animal cells for a pro- 
longed period of time, whereby accelerated wound heal- 
ing, endothelialization, or proliferation and differentia- 
ls tion of the animal cells results therefrom. 

SUMMARY OF THE INVENTION 

[0024] A tissue sealant, such as fibrin glue, that con- 

20 tains an effective concentration of at least one growth 
factor is provided. This growth factor-supplemented tis- 
sue sealant promotes wound healing, endothelialization 
of vascular prostheses and the in vitro proliferation and 
differentiation of animal cells, especially endothelial 

25 cells and fibroblasts. Methods of using the growth factor- 
supplemented tissue sealants are also provided for ac- 
celerating or otherwise promoting wound healing, pro- 
ducing endothelialization of vascular prostheses and 
the in vitro proliferation and differentiation of animal 

30 cells, especially endothelial cells and fibroblasts. 

[0025] The growth factor-supplemented tissue seal- 
ants of this invention may be particularly useful for pro- 
moting healing in wounds that do not readily heal, such 
as wounds in diabetic individuals, and for delivering 

35 growth factors to and providing a medium for prolonged 
contact between an internal wound site and the growth 
factor(s). For example, the growth factor-supplemented 
tissue sealants may be applied to broken bones or gas- 
tric ulcers and other such internal wounds in order to 

40 accelerate or promote healing thereof. 

[0026] One object of this invention is to provide a mix- 
ture of fibrin glue, human DBM and purified BMP's for 
clinical purposes. This mixture provides a matrix that al- 
lows the cellular components of the human body to mi- 

45 grate and fill the gap of a nonunion defect where the 
osteoinductlon needs to occur. The matrix composition 
in terms of proteins (such as fibrinogen and FactorXIII), 
enzymes (such as thrombin and plasmin) bone morpho- 
genic proteins, growth factors and DBM are adequately 

so formulated to optimize the longevity of this temporal 
scaffolding structure. All the mixture components are bi- 
odegradable but during osteogenesis the mixture pro- 
vides a non-collapsible scaffold that can determine the 
shape of the newly formed bone. Soft tissue collapse 

55 into the bony nonunion defect, which is a problem in 
bone reconstructive surgery, will thus be avoided. 
[0027] In a preferred embodiment, an effective con- 
centration of HBGF-1 is added to a fibrin glue in order 
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to provide a growth factor-supplemented tissue sealant 
that possesses the ability to accelerate and/or promote 
wound healing. In another preferred ennbodiment, an ef- 
fective amount of a platelet-derived extract is added to 
a fibrin glue. In other preferred embodiments, an effec- 
tive concentration of a mixture of at leasttwo growth fac- 
tors are added to fibrin glue and an effective amount of 
the fibrin glue which contains the growth factor(s) is ap- 
plied to the wounded tissue. 

[0028] In addition to growth factors, drugs, polyclonal 
and monoclonal antibodies, and other compounds may 
be added to the tissue sealant such as compounds that: 
accelerate wound healing; mediate or enhance the ac- 
tivity of the growth factor in the tissue sealant; and/or 
compounds that inhibit or interfere with tissue sealant 
components which inhibit the activities of the growrth fac- 
tor in the tissue sealant. 

[0029] In one embodiment of the present invention is 
provided a composition that promotes the healing of 
wounds, especially wounds of the skin and bone, com- 
prising a tissue sealant and an effective concentration 
of at least one growth factor, wherein the concentration 
is effective in accelerating or otherwise promoting 
wound healing. 

[0030] In another embodiment of the present inven- 
tion is provided a process for promoting the healing of 
wounds, especially wounds of the sl<in and bone, com- 
prising applying a composition that contains a tissue 
sealant and an effective concentration of at least one 
growth factor to a wound. 

[0031] In another embodiment of the present Inven- 
tion is provided a composition that promotes the en- 
dothelialization of a vascular prosthesis, comprising a 
tissue sealant and an effective concentration of at least 
one growth factor wherein the concentration is effective 
In accelerating or otherwise promoting the endotheiiali- 
zation of the vascular prosthesis. 
[0032] In another embodiment of the present inven- 
tion is provided a process for promoting the endotheli- 
alization of a vascular prosthesis, comprising applying 
a composition that contains a tissue sealant and an ef- 
fective concentration of at least one growth factor to the 
vascular prosthesis. 

[0033] In another embodiment of the present inven- 
tion is provided a composition that promotes the in vitro 
proliferation and/or differentiation of animal cells, com- 
prising a tissue sealant and an effective concentration 
of at least one growth factor, wherein said concentration 
is effective in accelerating or othenwise promoting the in 
vitro proliferation and/or differentiation of the animal 
cells. 

[0034] In another embodiment of the present Inven- 
tion is provided a process for promoting the /n vitro pro- 
liferation and/or differentiation of animal cells, compris- 
ing placing said cells onto and/or into a tissue sealant 
which contains an effective concentration of at least one 
growth factor, wherein the concentration is effective in 
accelerating or othenwise promoting the in vitro prolifer- 
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ation and/or differentiation of said ceils. 
[0035] The present invention has several advantages 
over the previously used compositions and methods. 
The first advantage is that the growth factor-supple- 

5 menfed tissue sealant of the present invention is biode- 
gradable and can be reabsorbed by body tissues. 
[0036] A second advantage is that the present inven- 
tion provides a good way to effectively deliver growth 
factors within the body to a wound or other location. It 

'0 is now believed that growth factor receptors must be oc- 
cupied for at least 12 hours for a maximum biological 
effect to be produced by the growth factor. Previously, 
there was no way to do this to an internal location within 
the body. The present invention allows for prolonged 

15 contact between the growth factor and its receptors to 
occur, and thus allows for the production of strong bio- 
logical effects. 

[0037] A third advantage of the present invention is 
that the total protein and fibrinogen concentrations are 
20 more dilute than those previously used. This produces 
a fibrin glue that is about one fifth (1/5) as concentrated 
as commercially available fibrin glue. As a result of its 
less concentrated nature, animal cells can migrate Into 
and through, and grow in the growth factor-supplement- 
25 ed fibrin glue of the present invention. This aids engraft- 
ment of the cells to neighboring tissues and prostheses. 
The fibrin glue which is commercially available Is too 
dense to allow cells to migrate into and through It, and 
to grow in It. Instead, animal cells must migrate around 
30 or digest commercially available fibrin glue. 

[0038] A fourth advantage of the present Invention is 
that because of Its liquid nature it can cover surfaces 
more thoroughly and completely than previously avail- 
able delivery systems. This is especially important for 
35 the use of the present invention in the endothelialization 
of vascular prostheses because the growth factor-sup- 
plemented fibrin glue will coat the Interior, exterior and 
pores of the vascular prosthesis, As a result of this, en- 
graftment of autologous endothelial cells will occur si- 
40 multaneously along the whole length of the vascular 
prosthesis, thereby decreasing its thrombogenicity and 
antigenicity. With previously used tissue sealants, en- 
graftment started at the ends of the vascular prosthesis 
and proceeded into the interior of the same, thus allow- 
45 ing a longer period for thrombogenicity and antigenicity 
to develop. Previously used tissue sealants for vascular 
prostheses also primarily were seeded with nonautolo- 
gous cells which could be rejected by the body and could 
be easily washed off bytheshearingforce of blood pass- 
so ing through the prosthesis. 

BRIEF DESCRIPTION OF THE FIGURES 

[0039] 

Fig. 1 shows Western blots of gels on which sam- 
ples containing HBGF-ip had been incubated with 
250 U/mi thrombin in the presence of increasing 
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concentrations of heparin. Solutions containing HB- 
GF-1P (10 |xg/ml), thrombin (250 \ig/m\), and in- 
creasing concentrations of heparin (0, 0.5, 5, 1 0, 20, 
and 50 units/ml) were incubated at 37°C for 72 
hours. Aliquots were periodically rennoved from s 
each of the Incubating mixtures and were loaded 
onto 8% SDS polyacrylamide gels that were pre- 
pared and run as described by Laemmli (Nature 
227:680 (1970)). The gel was then electroblotted 
onto nitrocellulose and the band corresponding to 10 
HBGF-ip was identified using an affinity-purified 
polyclonal rabbit antiserum to HBGF-ip, 

The concentrations of heparin in the incubating 
mixtures were; panel A) 0 units/ml; panel B) 0.5 
units/ml; Panel C) 5 units/ml; panel D) 10 units/ml; fs 
panel E) 20 units/ml; and panel F) 50 units/ml. In 
the gels pictured in each of panels A-F, each lane 
contains the following: lane 1 contains SDS-PAGE 
low molecular weight standards; lane 2 contains bi- 
otinylated standards; lane 3 contains 1 0 ag/ml HB- 20 
GF-1 p, lane 4 contains 250 Units/ml thrombin; and 
lanes 5-13 contain samples removed from the incu- 
bating mixtures at times 0, 1 , 2, 4, 6, 8, 24, 48, and 
72 hours. 

Fig. 2 shows the incorporation of ^H-thymldlne as a 25 
function of relative HBGF-ip concentration. Sam- 
ples of the HBGF-ip were incubated, as described 
In Figure 1 and Example 2, in the presence of 250 
U/ml thrombin and 5 U/ml heparin for 0 hour, 24 
hours or 72 hours. Dilutions of these samples were 30 
then added to NIH 3T3 cells, which were plated as 
described in Example 3. CPM is plotted v. HBGF-1 
concentration. 

Fig. 3. Typical pattern of human umbilical vein en- 
dothelial cells after 7 days' growth on fibrin glue sup- 35 
plemented with 100 ng/ml of active, wild-type FGF- 
1 . Note the large number of cells and their elongat- 
ed shape. Compare with the paucity of cells grown 
on unsupplemented fibrin glue (Figure 5). 
Fig, 4. Typical pattern of human umbilical vein en- 40 
dothelial cells after 7 days' growth on fibrin glue sup- 
plemented with 10 ng/ml of active, wild-type FGF- 
1 . Note the large number of cells and their elongat- 
ed shape. Compare with the paucity of cells grown 
on unsupplemented fibrin glue (Figure 5). 45 
Fig. 5. Typical pattern of human umbilical vein en- 
dothelial cells after 7 days' growth on unsupple- 
mented fibrin giue. Note the small number of cells, 
which indicates a slower proliferation rate, com- 
pared to the number in Figures 3 and 4. so 
Fig. 6. Typical pattern of human umbilical vein en- 
dothelial cells after7 days' growth on fibrin glue sup- 
plemented with 100 ng/ml of inactive, mutant FGF- 
1. Note the small number of cells, which indicates 
a slowerproliferation rate, compared to the number 55 
In Figures 3 and 4. 

Fig. 7. Typical pattern of human umbilical endothe- 
lial cells 24 hours after having been embedded In 
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fibrin glue at a concentration of 10^ cells per mi of 
glue. The protein and thrombin concentrations of 
the glue were 4mg/ml and 0.6 NIH units/ml, respec- 
tively. Note, their elongated, multipodial morpholo- 
gy and that they formed a cellular network where 
they came In contact with each other. Compare with 
the cobblestone shape of similar cells grown in fi- 
bronectin (Fig. 9.) 

Fig. 8. Typical pattern of human umbilical endothe- 
lial cells 48 hours after having been embedded in 
fibrin glue at a concentration of 10^ cells per ml of 
glue. The culture conditions were as described in 
Fig. 7. Note the further accentuated, elongated and 
multipodial morphology and increasing develop- 
ment of cellular networks. Compare with the cob- 
blestone shaped ceils grown in fibronectin (Fig. 1 0) 
and note the lack of a cellular network In the latter. 
Fig. 9. Typical pattern of human umbilical endothe- 
lial cells 24 hours after having been cultured on a 
surface coated with fibronectin. Note, the cobble- 
stone shape of the cells and the lack of cellular net- 
works. Compare to Figure 7. 
Fig. 1 0. Typical pattern of human umbilical endothe- 
lial cells 48 hours after having been cultured In a 
commonly used film of fibronectin. Note, the cob- 
blestone shape of the cells and the lack of cellular 
networks. Compare to Figure 8. 
Figure 11. Micrographs of cross sections of PTFE 
vascular grafts that were explanted from dogs after 
7 days (panels A, C, E) or 28 days (panels B, D, F). 
Priorto implantation, the grafts were either untreat- 
ed (A and B), coated with fibrin glue alone (0 and 
D), or coated with fibrin glue supplemented with 
heparin and HBGF-1 (E and F). 
Figure 12. Scanning electron micrographs of the In- 
ner lining of the vascular grafts described in Figure 
11 after 28 days of implantation. The grafts were 
either untreated (G), coated with fibrin glue alone 
(H), or coated with fibrin glue supplemented with 
heparin and HBGF-1 (I). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Definitions 

[0040] Unless defined otherwise, all technical and sci- 
entific terms used herein have the same meaning as is 
commonly understood by one of skill in the art to which 
this invention belongs. All patents and publications men- 
tioned herein are incorporated by reference. 
[0041] As used herein, a wound includes any dam- 
aged tissue in a living organism. The tissue may be an 
internal tissue, such as the stomach lining or a broken 
bone, or an external tissue, such as the skin. It may be 
a soft tissue, such as the spleen, or a hard tissue, such 
as bone. The wound may have been caused by any 
agent, Including traumatic Injury, infection or surgical In- 
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tervention. 

[0042] As used herein, a tissue sealant is a composi- 
tion prepared from plasma proteins that, upon applica- 
tion to a wound . forms a clot, thereby sealing the wound, 
reducing blood loss and maintaining hemostasis. Tissue 
sealants, such as a fibrin glue, are known to those of 
skill in the art. 

[0043] As used herein, such sealants Include any tis- 
sue sealanl or adhesive that, without substantial modi- 
fication, can serve as a carrier vehicle for the delivery 
of a growth factor or mixture of growth factors to awound 
site and that, by virtue of its adhesive or adsorptive prop- 
erties, can maintain contact with the site for a time suf- 
ficient for the growth factor-supplemented tissue sealant 
to accelerate wound healing. 

[0044] As used herein, a growrth factor-supplemented 
tissue sealant is a tissue sealant to which at least one 
growth factor, or other compound that accelerates, pro- 
moles or improves wound healing, has been added at 
a concenlrdtion that is effective for accelerating, promot- 
ing or improving wound healing. The growth factor-sup- 
plemented tissue sealants may also contain additional 
components, inciudmg drugs, antibodies, anticoagu- 
lants and compounds that 1 ) potentiate, stimulate or me- 
diate the biological activity of the growth factor(s) in the 
tissue sealanl or 2) decrease the activities of compo- 
nents of tho growth factor-supplemented tissue sealant 
which would inhibit or destroythe biological activities the 
growth factor{s) in (he sealant. 
[0045] As used herein, a potentiating compound is a 
compound that mediates or othenwise increases the bi- 
ological activity of a growth factor in the tissue sealant. 
Heparin Is an example of a compound that potentiates 
the biological activity of HBGF-1. 
[0046] As used herein, an inhibiting compound is a 
compound that inhibits, interferes with, or otherwise de- 
stroys a delelorious activity of a component of the tissue 
sealant that would interfere with or inhibit the biological 
activity of a growth factor or factors in the tissue sealant. 
Inhibiting compounds may exert their effect by protect- 
ing the growth factor from degradation. An inhibiting 
compound does not. however, inhibit any activities that 
are essential lor the wound healing properties of the 
growth factor-supplemented fibrin glue. 
[0047] As used herein, a growth factor includes any 
soluble factor that regulates or mediates cell prolifera- 
tion, cell differentiation, tissue regeneration, wound re- 
pair and/or any developmental or proliferative process. 
The growth factor may be produced by any appropriate 
means including extraction from natural sources, pro- 
duction through synthetic chemistry, production through 
the use of recombinant DNA techniques and any other 
techniques, including virally Inactivated, growth factor 
(s)-rlch platelet releasate, which are known to those of 
skill in the art. 

[0048] As used herein, hlBGF-1 , which is also known 
to those of skill in the art by alternative names, such as 
endothelial cell growth factor (ECGF) and acidic FGF, 
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refers to any biologically active form of HBGF-1 , includ- 
ing HBGF-ip, which is the precursor of HBGF-la and 
other truncated forms, such as FGR U.S. Patent No. 
4,868,113 to Jaye ef a/., herein incorporated by refer- 
5 ence, sets forth the amino acid sequences of each form 
of HBGF. HBGF-1 thus includes any biologically active 
peptide, including precursors, truncated or other modi- 
fied fomns, that exhibit the biological activities, or a sub- 
set thereof, of HBGF-1. 
10 [0049] Other growth factors may also be known to 
those of skill in the art by alternative nomenclature. Ac- 
cordingly, reference herein to a particular growth factor 
by one name also includes any other names by which 
such factor is known to those of skill in the art and also 
15 any biologically active precursors, truncated or other- 
wise modified, but biologically active, forms thereof. 
[0050] As used herein, biological activity refers to one 
or all of the activities that are associated with a particular 
growth factor in vivo and in vitro. Generally, a growth 
20 factor exhibits several activities, including mitogenic ac- 
tivity (the ability to induce or sustain proliferation) and 
also non-mitogenic activities, including the ability to in- 
duce or sustain differentiation and/or development, in 
addition, growth factors are able to recruit or attract par- 
25 ticular cells from which the proliferative and develop- 
mental processes proceed. For example, under appro- 
priate conditions HBGF-1 can recruit endothelial cells 
and direct the formation of vessels therefrom. By virtue 
of this activity, growth factor-supplemented tissue seal- 
so ants may thereby provide a means to enhance blood 
flow and nutrients to specific sites. 

Preparation of Growth Factor-Supplemented Tissue 
Sealant 

35 

[0051] As a first step when practicing any of the em- 
bodiments of the invention disclosed herein, the growth 
factor and tissue sealant must be selected. Each may 
be prepared by methods known to those of skill In the 
40 art or may be purchased from a supplier thereof. In a 
preferred embodiment, growth factor-supplemented fi- 
brin glue is prepared. 

Preparation of Tissue Sealants. 

45 

[0052] Any tissue sealant, such as a fibrin glue, may 
be used in this invention. For example, fibrin glues which 
are well known to those of skill in the art (see, e.g., U. 
S. Patent Nos. 4,627,879, 4,377,572 and 4,298,598, 

so herein incorporated by reference) may be purchased 
fromasupplieror manufacturer thereof, such as IMMU- 
NO AG (Vienna, Austria) and BEHRINGWERKE AG 
(Germany). Alternatively, fibrin glue can be readily pre- 
pared from plasma or plasma components. The partic- 

55 ular composition of the selected tissue sealant is not crit- 
ical as long as it functions in vivo as a tissue sealant and 
can serve as a medium to contact the growth factor(s) 
with the wounded tissue or vascular graft, whereby 
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wound healing or endothelialization is promoted or ac- 
celerated. 

[0053] For the experiments exemplified herein, fibrin 
glue was prepared from the cryoprecipitate from fresh 
frozen plasma. The components of the fibrin glue that s 
were used as a vehicle for a growth factor included: fi- 
brinogen; fibronectin; factor XIII; and von Wlllebrand 
Factor. 

[0054] In a preferred embodiment of this invention, 
the total protein concentration is from aboutS to 150 mg/ io 
ml of solution used to prepare the fibrin glue. In a more 
preferred embodiment, thetotal protein concentration In 
this preparatory solution is from about 7 to 35 mg/ml. In 
the most preferred embodinnent, the total protein con- 
centration in this preparatory solution is from about 17 15 
to 28 mg/ml. 

[0055] In a preferred embodiment of this invention, 
the fibrinogen concentration is from about 4 to 135 mg/ 
ml of solution used to prepare the fibrin glue. In a more 
preferred embodiment, the fibrinogen concentration in 20 
this preparatory solution is from about 6 to 30 mg/ml. In 
the most preferred embodiment, the fibrinogen concen- 
tration in this preparatory solution is from about 1 S to 25 
mg/ml. 

[0056] Although the growth factor concentration will 25 
vary with the growth factors used, in a preferred embod- 
iment of this invention, the growth factor concentration 
is from about 1 ng/ml to 1 mg/ml of fibrin glue. In a more 
preferred embodiment, the growth factor concentration 
is from about 1 |a.g/ml to 1 00 |a.g/ml of fibrin glue, in the 30 
most preferred embodiment, the growth factor concen- 
tration is from about 5 |xg/ml to 20 p,g/ml of fibrin glue. 
The amount of the growth factor(s) to add can be em- 
pirically detennined by testing various concentrations 
and selecting thiat which is effective for the intended pur- 35 
pose, and the site of application. 

Preparation of Growth Factors. 

[0057] The growth factor(s), or mixture thereof, may 40 
be prepared by any method known to those of skill in 
the art or may be purchased commercially Any growth 
factor may be selected including, but not limited to, for 

example, growth factors that stimulate the proliferation 
of certain cell types^ such as endothelial cells, fibrob- 45 
lasts, epithelial cells, smooth muscle cells, hepatocytes, 
and keratinocytes, and/or growth factors which inhibit 
the growth of the same cell types, and also smooth mus- 
cle cells. Such selection may be dependent upon the 
particular tissue site for which the growth factor-supple- so 
mented tissue sealant will be applied. For example, an 
EGF-supplemented tissue sealant may be preferred for 
application to wounds in the eye and for treating gastric 
ulcers while an osteogenin-supplemented tissue seal- 
ant may preferred for application to bone fractures and 55 
breaks In orderto accelerate or promote healing thereof. 
[0058] In another preferred embodiment HBGF-ip 
was prepared and added to a fibrin glue. HBGF-1p, or 
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HBGF-la, or any other active fonn of HBGF-1 , can be 
purified from natural sources, from genetically engi- 
neered cells that express HBGF-1 or a derivative thereof 
or by any method known to those of skill in the art. 
[0059] HBGF-ip has been prepared using recom- 
binant DNA methodology (Jaye et al., U.S. Patent No. 
4,868,113; Jaye etal.,J. Biol. Chem. 262:16612-16617 
(1 987)). Briefly, DNA encoding HBGF-1 p was cloned in- 
to a prokaryotic expression vector, a pUC9 derivative, 
and expressed intraceilularly in E. coli. The expressed 
peptide was then released from the cells by pressure, 
using a cell disrupter operated on high compression-de- 
compression cycles. After disruption, cell debris was re- 
moved by filtration and HBGF-1 p was purified from the 
supernatant using standard methods of protein purifica- 
tion including affinity chromatography on heparin 
Sepharose™ followed by ion-exchange chromatogra- 
phy on CM-Sepharose™. 

[0060] In addition to HBGF-1 , described above, other 
growth factors that may be added to the fibrin glue in- 
clude, but are not limited to, HBGF-2, lGF-1 , EGF, TGF- 
P, TGF-a, any platelet-derived growth factor or extract, 
and mixtures of any growth factors. For example, plate- 
let-derived extracts, which serve as rich sources of 
growth factors, may be added to the tissue sealant in 
addition to or in place of other growth factors, such as 
HBGF-1 . 

[00S1] In a preferred embodiment, a platelet-derived 
extract, prepared by any method known to those of skill 
in the art, is added to a tissue sealant, Such an extract 
has been prepared from plasma reduced platelets for 
use with fibrin glue. 

[0062] PDWHF may be prepared and added to fibrin 
glue (Knighton etal., Ann. Surg. 204:322-330 (1986)). 
Briefly, to prepare PDWHG, blood is drawn Into antico- 
agulant solution and platelet-rich plasma is prepared by 
refrigerated centrifugation. The platelets are Isolated 
and stimulated with thrombin, which releases the con- 
tents of the alpha granule contents. The platelets are 
removed and an effective concentration of the remain- 
ing extract is added to a tissue sealant. 

Additional Components of Growth Factor- 
Supplemented Tissue Sealants. 

[0063] Since they are essentially plasma fractions, 

the tissue sealants contemplated for use with growth 
factors contain numerous components, some of which 
may interfere with the biological activity of the selected 
growth factor(s). Forexample, thrombin, which is an es- 
sential component of fibrin glue, can act as a proteolytic 
enzyme and specifically cleave HBGF-1 p. Therefore, it 
may be necessary to include additional compounds, 
such as protease or other inhibitors, that protect the se- 
lected growth factor(s) from the action of other compo- 
nents in the tissue sealant which inhibit, interfere with 
or destroy the biological activity of growth factors. 
[0064] Selection of the particular inhibiting compound 
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(s) may be empirically detemnined by using methods, 
discussed below, that assess the biological activity of 
the growth factor(s) in the tissue sealant. Methods to 
assess biological activity are known to those of skill in 
the art. 

[0065] In addition, in order for certain growth factors 
to exhibit their biological activities, it may be necessary 
to include compounds that potentiate or mediate the de- 
sired activity. For example, heparin potentiates the bio- 
logical activity of HBGF-1 in vivo (see, e.g., Burgess et 
al., Annu. Rev. Biociiem. 58:575-606 (1989)). 
[0066] The growth-factor supplemented sealants of 
the present invention may also contain other com- 
pounds such as drugs, other chemicals, and proteins. 
These may include, but are not limited to: antibiotics; 
anticoagulants, such as activated protein C, heparin, 
prostracyclln (PGlg), antithrombin III, ADPase, and plas- 
minogen activator; steroids to inhibit inflammation, such 
as dexamethasone; cardiovascular drugs, such as cal- 
cium channel blockers; chemoattractants; and local 
anethetics such as bupivacalne. These supplemental 
compounds may also Include polyclonal, monoclonal or 
chimeric antibodies, or functional derivatives or frag- 
ments thereof. They may be antibodies which, for ex- 
ample, inhibit smooth muscle proliferation, such as an- 
tibodies to PDGF, and/or TGF-p, or the proliferation of 
other undesirable cell types within and about the area 
treated with the tissue sealant. These antibodies can al- 
so be useful in situations where anti-cancer, anti-platelet 
or anti-inflammatory activity is needed. In general, any 
antibody whose efficacy oreconomy would be improved 
by site-directed delivery may benefit from this fibrin glue 
delivery system. 

Assays for Assessing the Wound Healing 
Propertlesof a Growth Factor-Supplemented Tissue 
Sealant. 

[0067] In order to ascertain whether a particular 
growth factor-supplemented tissue sealant accelerates 
or otherwise enhances wound healing and to select op- 
timal concentrations of the growth factor(s) to do the 
same, the composition is tested by any means known 
to those of skill in the art for Its ability to accelerate or 
otherwise promote wound healing (see, e.g., Tsuboi et 
al., J. Exp. Med. 1 72:245-25 i (1990); Ksander etal., J. 
Am. Acad. Dermatol. 22:781 -791 (1 990); and Greenhal- 
gh et al. Am. J. Path. 136:-\235 (1990)). Any method 
including both in vivo and in vitro assays, by which the 
activity of the selected growth factor(s) in the tissue 
sealant composition can be assessed may be used. For 
example, the activity of HBGF-1 p has been assessed 
using two independent in vitro assays, In the first, the 
proliferation of endothelial cells that had been suspend- 
ed in a shallow fluid layer covering a plastic surface 
which had been impregnated with growth factor-supple- 
mented fibrin glue was measured. In the second, the in- 
corporation of ^H-thymidine In cultured fibroblasts in the 



presence of HBGF-1 was measured. 
[0068] In an in viva assay, fibrin glue that had been 
supplemented with HBGF-1 13 has been tested for its 
ability to promote healing in vivo using mice as a model 

5 system. In this method identical punch biopsies were 
performed in the dorsal region of the mice, which were 
then separated into test, treated control and untreated 
control groups. The wounds on the mice in the test group 
were treated with the growth factor-supplemented tis- 

10 sue sealant. The wounds on the mice in the treated con- 
trol group were treated with unsupplemented sealant. 
The wounds in the untreated group were not treated. 
After a time sufficient for detectable wound healing to 
proceed, generally a week to ten days, the mice were 

'5 sacrificed and the wounded tissue was microscopically 
examined to histologically assess the extent of wound 
repair in each group. 

[0069] The ability of the growth factor-supplemented 
tissue sealant to Induce cell proliferation and to recruit 

20 cells may also be assessed by in vitro methods known 
to those of skill in the art. For example, the in vitro as- 
says, described above for measuring the biological ac- 
tivity of growth factors and described in detail in the Ex- 
amples, may be used to test the activity of the growth 

25 factor in the tissue sealant composition, in addition, the 
effects of adding candidate inhibiting and/or potentiating 
compounds can also be assessed. 
[0070] Generally, the necessity for adding inhibiting 
and/or potentiating compounds can be empirically de- 

30 termined. For example, in the experiments described 
below, the HBGF-1 p in HBGF-1 -supplemented fibrin 
glue was specifically cleaved in a stochastic manner, 
suggesting that a component of the fibrin glue prepara- 
tion, most likely thrombin, was responsible. Heparin, 

35 which is known to bind to HBGF-1 and protect it from 
certain proteolytic activities, was added to the HBGF- 
1 -supplemented fibrin glue. The addition of relatively 
low concentrations of heparin protected HBGF-1 p from 
cleavage that would destroy its biological activity in the 

40 fibrin glue. Therefore, tissue sealant compositions that 
include HBGF-1 must include heparin or some other 
substance that inhibits the cleavage of HBGF-1 by 
thrombin or other proteolytic components of the fibrin 
glue. 

45 [0071] similarly, the ability of a selected inhibitor to 
protect a growth factor from degradation by tissue seal- 
ant components may be assessed by any method 
known to those of skill in the art. For example, heparin 
has been tested for Its ability to inhibit cleavage of HB- 
so GF-1 by thrombin, which is an essential component of 
fibrin giu8. To do so, mixtures of various concentrations 
of heparin and HBGF-1 -supplemented fibrin glue have 
been prepared, and incubated for various times. The bi- 
ological activity of HBGF-1 in the mixture has been test- 
es ed and the integrity of such HBGF-1 has been ascer- 
tained using western blots of SDS gels. Relatively low 
concentrations, about a 1:1 molar ratio of heparin:HB- 
GF-1, are sufficient to protect HBGF-1 from degradation 
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in fibrin glue. 

[0072] It can also be empirically determined whether 
a particular compound can be used to potentiate, medi- 
ate or enhance the biological activity of a growth factor 
or factors in a tissue sealant. 

Topical or Internal Application of the Growth Factor- 
Modified Tissue Sealant to an Internal or External 
Wound. 

[0073] Prior to clinical use, the growth factor and-tis- 
sue sealant, or the growth factor-supplemented tissue 
sealant Is pasteurized or otherwise treated to inactivate 
any pathogenic contaminants, such as viruses. Meth- 
ods for inactivating contaminants are well-known to 
those of skill in the art and include, but are not limited 
to.solvent-delergenttreatmentand heat treatment (see, 
e.g.. Tabor et ai. Thrombosis Res. 22:233-238 (1981) 
and Pis.j'kiewic/ elal.. Transfusion 28■.^m-im (1988)). 
[0074] Tiio giowth factor-modified tissue sealant is 
applied directly to the wounded tissue. Typically for ex- 
ternal wounds It can be applied directly by any means, 
including spraying on top of the wound. It can also be 
applied internally, such as during a surgical procedure. 
When it is applied internally, such as to bones, the clot 
gradually dissolves over time. 

[0075] The following examples are included for illus- 
trative purposes only and are not intended to limit the 
scope of the invention. 

EXAMPLE 1 

Preparation of HBGF-1-Supplemented Fibrin Glue. 

[0076] Fibrin glue prepared from the cryoprecipitate 
fraction of plasma was used. Plasma was prepared from 
human blood by centrifugation to pellet the red cells and 
to remove the platelets. The plasma was centrifuged 
and the cryoprecipitate was collected and fractionated 
to produce a fibrin glue. 

[0077] An 800 ml culture of recombinant £ co// con- 
taining a plasmid that included DNA encoding HBGF-1 p 
was prepared. After Induction and culturingfor24 hours 
at 37°C, the cells were centrifuged and the supernatant 
discarded. The cell pellet was resuspended in 25 mis of 
20 mM phosphate buffer, containing 0.15 IVI NaCI, pH 
7.3. The suspended cells were disrupted with a cell dis- 
rupter and the cell debris was separated from the result- 
ing solution by centrifugation at 5000 g for 20 min. 
[0078] The pellet was discarded and the supernatant 
containing the solubilized HBGF-1 13 and other bacterial 
proteins was loaded onto a 2.6 cm diameter by 10 cm 
high column of Heparin-Sepharose"^" (Pharmacia Fine 
Chemicals, Upsala, Sweden). The column was washed 
with 5 column volumes of 0.15 M NaCI in 20 mM phos- 
phate buffer, pH 7.3, and then was eluted with a 0.15 IVI 
NaCI in 20 mM phosphate buffer to 2.0 U NaCI gradient. 
[0079] The eluate was monitored by UV absorption at 
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280 nm. Three peaks of UV absorbing material eluted 
and were analyzed by SDS polyaciylamide gel electro- 
phoresis. Peak number three electrophoresed as a sin- 
gle band at about 1 7,400 daltons and contained sub- 

5 stantiallypureHBGF-ip. 

[0080] In order to further insure that the HBGF-1 p was 
free of contaminating bacterial proteins, peak number 
three, which contained the growth factor activity, was di- 
alyzed overnight against 20 mM histidlne, 0.15 M NaCI, 

10 pH 7.5. Two mg of protein was loaded onto a 1 ml CM- 
Sepharose™ (Pharmacia, Upsala, Sweden) Ion ex- 
change column. The column was washed with 10 bed 
volumes (0.5 ml/min) of 20 mM histidlne, 0.15 M NaCI, 
pH 7,5 and eluted with a gradient of 0.1 5 M NaCI to 1 .0 

15 M NaCI In 20 mM histidlne, pH 7.5. The eluate was mon- 
itored by UV absorption at 280 nm and HBGF-1 p was 
identified by SDS polyacrylamide gel electrophoresis. 
[0081] One to 1 0 [ig of the purified HBGF-1 p was add- 
ed to the fibrin glue. 

20 

EXAMPLE 2 

Stability of HBGF-1 in Fibrin Glue. 

25 [0082] It was necessary to add an ingredient to the 
fibrin glue that would Inhibit or prevent the digestion of 
HBGF-1 p by thrombin, which is a component of fibrin 
glue. Heparin, which adsorbs to HBGF-1 , was selected 
and tested to determine whether it could protect HBGF- 

30 1 from digestion by thrombin and any other proteolytic 
components of the fibrin glue. The stability of HBGF-1 
in the presence of increasing concentrations of heparin 
was assessed. 

[0083] Solutions containing HBGF-1 p (10 |j.g/ml), 

35 thrombin (250 [ig/ml), and increasing concentrations of 
heparin (0, 0.5, 5, 10, 20, and 50 units/mi) were incu- 
bated at 37°C. Aliquots were periodically removed from 
the incubating solutions and were frozen and stored at 
-70°C for further testing. 

40 [0084] After the Incubation was complete, the sam- 
ples were thawed and separated on 15% SDS polyacr- 
ylamide gels under reducing conditions according to the 
method of Laemmli (Nature 227:680 (1970)). The gel 
was then electroblotted onto nitrocellulose and the band 

45 corresponding to HBGF-1 was identified using an affin- 
ity-purified polyclonal rabbit antiserum to HBGF-1 . The 
Western blots are shown in Fig. 1 on which the HBGF- 
1 p band at 1 7,400 mw can be seen. The results Indicat- 
ed that in the presence of concentrations of heparin as 

50 low as 5 U/ml, HBGF-1 p was protected from digestion 
by thrombin. In addition, as described in Example 3, its 
biological activity was not altered. 
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EXAMPLE 3 

The Biological Activity of HBGF-lp after Incubation 
In the Presence of Heparin and Thrombin. 

5 

[0085] The biological activity of HBGF-1 in the incu- 
bation mixture that contained 5 U/ml of heparin, and was 
described in Example 2, was measured using an ^H-thy- 
midine incorporation assay with NIH 3T3 cells. 
[0086] NIH 3T3 cells were introduced into 96 well io 
plates and incubated at az'C under stan/ation condi- 
tions in Dulbecco's IVlodlfied Medium (DMEM; GIBCO, 
Grand Island, New York) with 0.5% bovine calf serum 
(BCS; GIBCO, Grand Island, New Yorl<) until the cells 
reached 30 to 50% confluence. Two days later, varying '5 
dilutions of HBGF-1 from the samples prepared in Ex- 
ample 2 were added to each well without changing the 
medium. Diluent (incubation buffer) was added in place 
of growth factor for the negative controls and DMEM 
with 10% BOS, which contains growth factors needed 20 
for growth, was added in place of the HBGF-1 sample 
for the positive controls. 

[0087] After incubation at SyC for 18 hours, 0.25 ^ 
Ci of 3H-thymidine, specific activity 6.7 p.Ci/mol, was 
added to each well and the incubation was continued at 25 
37°C for an additional 4 hours. The plates were rinsed 
with phosphate-buffered saline (PBS) and fixed with 0.5 
ml cold 1 0% thchloracetic acid (TCA) for 15 min at 4°C. 
The TCA was removed, the plates were rinsed with PBS 
and the acid-precipitable material was solubilized with 3o 
0.5 ml/well of 0.1 Nsodium hydroxide fori hour at room 
temperature. The samples were transferred to scintilla- 
tion vials and 10 ml of scintillation fluid (New England 
Nuclear, Aquasure™) was added per vial. 
[0088] The results, which areshown in Figure2,dem- 35 
onstrated that HBGF-1 , which had been incubated in the 
presence of thrombin and heparin, retained its biological 
activity. The observed concentration dependence of thy- 
midine incorporation was independent of incubation 
time and was typical of that expected for the depend- 40 
ence of the proliferation of cells as a function of growth 
factorconcentration. Growth factors typically exhibit an 
optimal concentration at which cell proliferation is max- 
imal. 

[0089] The biological activity of HBGF-1 in the pres- 45 
ence of thrombin and heparin was also measured by ob- 
serving endothelial cell proliferation. The surfaces of 
petri dishes were impregnated with the HBGF-1 supple- 
mented fibrin glue. A shallow layer of endothelial cells 
was added and the number of cells was measured. Over so 
time the number of cells increased. In addition, the ceils 
appeared to be organizing into vessels. 
[O09O] Therefore, HBGF-1 retains its biological activ- 
ities in fibrin glue that includes heparin, which protects 
HBGF-1 from the degradative activity of thrombin and 55 
may also potentiate the biological activity of the HBGF- 
1 in the growth factor-supplemented fibrin glue. 



EXAMPLE 4 

HBGF-1 Diffuses Out of the Fibrin Glue Clot as a 
Function of Concentration and Time. 

[0091] A fibrin glue clot was formed in a 6 ml plastic 
testtube by mixing 0.3 ml of thefibrinogen complex con- 
taining 1 0 U/ml heparin and thrombin and 40 mM CaCla. 
Four test tubes were set up as follows: 

A: 0.5 U/ml thrombin and 10 jig/ml HBGF-1 

B: 0.5 U/ml thrombin and 50 [xg/ml HBGF-1 

C: 5 U/ml thrombin and 10 [ig/ml HBGF-1 

D; 5 U/ml thrombin and 50 [xg/ml HBGF-1. 

The clot was covered with 0.2 M histidine buffer, pH 7.3. 
Thirty |il samples of the overlying buffer were removed 
from each tube every two hours and run on a western 

blot. 

[0092] The results of the experiment demonstrated 
that HBGF-1 diffusion out of the clot is a function of time 
and its concentration in the clot, and that the concentra- 
tion of thrombin in the clot does not affect the rate at 
which HBGF-1 is released from the clot. 

EXAIUIPLE 5 

Behavior of Human Umbilical Vein Endothelial Ceils 
in Growth Factor-Supplemented Fibrin Glue 

[0093] To study the in vitro effects of acidic fibroblast 
growth factor (FGF-1)-suppl6mented fibrin glue on hu- 
man endothelial cells, suspensions of these cells were 
added to 10 cm diameter petri dishes that contained 
evenly spread layers of 2.5 ml of fibrin glue containing 
approximately 9 mg of fibrinogen per ml and 0.25 NIH 
units of thrombin per ml. The fibrin glue was supple- 
mented in the following ways: 

A. No added growth factor, 

B. Supplemented with 1 00 ng/ml of active, wild-type 
FGF-1 ; 

G. Supplemented with 1 00 ng/ml of Inactive, mutant 
FGF-1, or 

D. Supplemented with 1 0 ng/ml of active, wild-type 
FGF-1. 

[0094] The cells seeded onto the fibrin gluelayerwere 
maintained for 7 days in DMEM containing 1 0% fetal calf 
serum. 

[0095] The cells became elongated and proliferated 
efficiently when in contact with fibrin glue supplemented 
with biologically active FGF-1 (Figures 3 and 4). In con- 
tact with unsupplemented fibrin glue (Figure 5) or with 
fibrin glue supplemented with biologically inactive FGF- 
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1 (Figure 6), the cells become elongated but proliferated 
relatively slowly. 

EXAMPLES 

Behavior of Human Umbilical Vein Endothelial Cells 
in Fibrin Glue. 

[0096] To study their growth, human umbilical en- 
dothelial cells, 1 05 or more cells per ml, were embedded 
in fibrin glue, the protein concentration of which was 4 
mg/ml. The concentration of thrombin in the fibrin glue 
was adjusted to 0.6 NIH units/ml. The culture medium 
used in all of the experiments was Ml 99 (Sigma Chem- 
ical Co., St. Louis, IVIO) supplemented with 10% fetal 
bovine serum, 10 ug/ml streptomycin, 100 U/ml penicil- 
lin, 1 ng/ml acidic fibroblast growth factor and 10 U/ml 
heparin. 

[0097] Within 24 hours in fibrin glue the cells became 
elongated, multipodial and formed a cellular network 
when they came in contact with each other (Fig. 7). This 
growth continuedforat leasts days. Figures shows this 
situation at 48 hours. 

[0098] As a control, an identical cell suspension was 
cultured on a surface coated with fibronectin at 10 \ig/ 
cm2, Control cells acquired a cobblestone shape and 
maintained this morphology for at least 5 days. Figures 
9 and 10 show this situation at 24 and 48 hours, respec- 
tively, 

EXAMPLE 7 

Behavior of PMEXNEO-3T3-2.2 Cells In Fibrin Glue. 

[0099] PMEXNEO-3T3-2,2 cells are fibroblast cells 
that contain a modified genome with the potential to ex- 
press genetically engineered proteins. To determine the 
behavior of these cells In fibrin glue, 10^ cells per well 
were cultured under three conditions: (1) embedded in 
fibrin glue; (2) on the surface of fibrin glue; and (3) in the 
absence of fibrin glue (controls). The experiments were 
carried out in duplicate in 24-well plates in DMEIM media 
(Sigma Chemical Co., St, Louis, MO) supplemented 
with 1 0% fetal calf serum (FCS). The fibrin glue protein 
concentration was 4 mg/ml. Identical experiments sup- 
plemented with 1 .5% FCS were used as negative con- 
trols, 

[0100] In the presence of media supplemented with 
10% FCS, the cells in all 3 groups grew and became 
confluent. In the negative control experiments in which 
the media was supplemented with 1 ,5% FCS, the cells 
grew and survived for at least five days in the presence 
of fibrin glue, but not without it. However, their growth 
was faster in fibrin glue supplemented with 10% FCS 
than in that supplemented with 1 ,5% FCS. In the ab- 
sence of fibrin glue, in the media supplemented with 
1 .5% FCS, the cells died within 48 hours. The criteria 
for survival was the ability of the tested cells to prolifer- 
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ate upon transfer to fresh media supplemented with 
10% FCS. 

EXAIWPLE 8 

5 

Enhanced Endothelialization of Expanded 
Polytetrafluorethyiene Grafts by Heparin Binding 
Growth Factor - Type 1 (HBGF-1) Pretreatment 

10 [0101] Two studies demonstrated that pretreatment of 
blood-contacting biomaterials with endotheliai cell (EC) 
mitogens enhanced endothelialization. The first study 
examined the in vivo washout characteristics of HBGF- 
1, a i<nown angiogenic factor, supplemented fibrin glue 

15 suspension applied to expanded polytetrafluorethyiene 
(PTFE) grafts which were then implanted into rabbit aor- 
tas. 

[0102] In general the modified fibrin glue was sterilely 
prepared by adding approximately 1 ng/cm^ area of the 

20 inner and outer graft surfaces of human 
recombinant ■'2S|-HBGF-1 , 20 ij,g/cm2 porcine intestinal 
mucosal heparin, and 2.86 mg/cm^ fibrinogen to 2,86 x 
10-2 u/cm2 reconstituted, commercially available, hu- 
man thrombin (1000 U/ml) to induce polymerization, 

25 [0103] Thei25HBGF-1 was specifically prepared as 
follows. 

Fibrinogen was reconstituted by adding 500 mg of fibrin- 
ogen into 25 mi of PBS to produce a fibrinogen concen- 
tration of 20 mg/ml of PBS. Three ml of this solution 

30 which contained 60 mg fibrinogen were placed into 12 
Eppendorf plastic tubes and maintained at -70°C. Each 
of these aliquots was used individually. 
[0104] The thrombin was reconstituted by diluting a 
commercially available preparation thereof (Armour 

35 Pharmaceutical Co., Kankakee, iL) at a concentration 
of 1 000 U/mi by afactor of 1 : 1 0 in sterile solution to pro- 
duce a concentration of 100 U/ml. This thrombin solu- 
tion was again diluted 1 :10 to produce a solution of 10 
U/mi. 

40 [0105] The bovine heparin (Upjohn, Kalamazoo, Ml) 
was reconstituted by diluting the preparation at a con- 
centration of 1 000 U/ml by a factor of 1 : 1 000 using nor- 
mal saline. 

[0106] One and 48/100 (1 ,48) ml of the reconstituted 
45 fibrinogen, plus 63 |j.L of the reconstituted heparin, plus 
15.66 |j,L of ■'25|.HBGF-1 were mixed in a glass scintil- 
lation tube. This mixture was then aspirated into a 3 mi 
plastic syringe. Five mi of the reconstituted thrombin 
was placed into a glass scintillation tube, 
50 [0107] One end of the expanded PTFE graft was 
placed over a plastic Sway stopcock nozzle and was se- 
cured there with a 2-0 silk tie. The PTFE was then en- 
circled with a 3 X 3 cm square of Parafilm™ which was 
then crimped there with a straight hemostatto establish 
55 a watertight seal, A second 2-0 silk tie was positioned 
over the parafilm adjacent to the stopcock to fonn an- 
other seal. A straight hemostat was then used to clamp 
the distal 2 mm of the PTFE/parafilm to seal this end. 
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[0108] Equal volumes of fibrinogen and thrombin so- 
lution prepared as described above were mixed and al- 
lowed to react for approximately 30 seconds which is 
when polymerization occurs. Thethrombln-polymerlzed 
fibrin is opaque. (This time factor is approximate and 5 
varies from one thrombin lot to another. The appropriate 
length of time to polymerization can be determined by 
viewing the opacity of the mixture). The fibrin/thrombin 
mixturewas asplratedinto aonecc syringe. (NOTE: The 
volume of this graft was 0.42 ml, for a graft with a larger 
volume one needs to use a larger syringe.) The syringe 
was attached to the stopcock and the mixture was in- 
jected by hand over a period of 5 seconds until the liquid 
was seen to "sweat" through the PTFE interstices and 
filled the space between the PTFE and the Parafilm^". 
The 3-way stopcock was closed to the PTFE graft for 3 
minutes and ascapel blade was used to cut the ligature 
at the end of the PTFE over the stopcock. The PTFE 
graft/parafilm was removed from the stopcock and a he- 
mostat was used, to remove the PTFE from the parafilm 
envelope. To clear residual growth factor-supplemented 
fibrin glue from the graft lumen, a numbers embolecto- 
my catheter was passed through the graft five times until 
the graft lumen was completely clear. The growth factor- 
supplemented fibrin glue-treated PTFE graft was al- 
lowed to dry overnight for about 12 hours under a lam- 
inar flow hood, The treated graft was then ready for im- 
plantation. 

[0109] This HBGF-supplemented fibrin glue was 
pressure perfused into a 34 mm (24 mm + 5 mm at each 
end) x 4 mm (internal diameter) thinwalled, expanded 
PTFE grafts thereby coating the grafts' luminal surfaces 
and extending through the nodes to the grafts' outer sur- 
faces. The lumens of the grafts were cleared as stated 
above. The grafts were then Interposed into the infrare- 
nal abdominal aortas of 24, 3-5 Kg New Zealand white 
rabbits. In the first study, the animals were sacrificed and 
specimens were explanted at 0 time (to correct for loss- 
es due to surgical manipulation) and after 5, 30, and 60 
min, and 1, 7, 14, and 30 days. Residual radioactivity 
was determined by gamma counting. Remaining ''251- 
HBGF-1, corrected for spontaneous decay, is ex- 
pressed as a percentage of the zero time value. 
[0110] The washout of 125|-HBGF-1 followed classic 
kinetics with a rapid initial loss with the reestabllshment 
of circulation (%/mln = -24.1 between 5 and 60 minutes) 
followed by a slow loss after 1 hr (%/min = -0.03) with 
13.4% ± 6.9% remaining after 1 week and 3.8% ± 1 .1% 
remaining after 30 days, 

[0111] The second study evaluated the effects of the 
applied HBGF-1 -supplemented fibrin glue suspension 
on: the rate of endothelialization of widely expanded 60 
|im internodal distance expanded PTFE grafts implant- 
ed into canine aorto-illac positions; the proliferative ac- 
tivity of these endothelial cells as a function of time; and 
the relative contributions of the HBGF-1 and the fibrin 
glue in stimulating the observed endothelial cell prolif- 
eration. Three groups of 50 x 4 mm non-reinforced ex- 
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panded PTFE grafts were implanted in the aortoiliac po- 
sition of 12 dogs. Group 1 (n = 6) contained 20 |j.g/cm2 
heparin, 2.86 mg/cm2 fibrinogen and 2.86 x 1 0-2 U/cm2 
of human thrombin plus 1 ng/cm2 of HBGF-1 . Group 2 
(n = 3) contained the same fibrin glue without HBGF-1 . 
Group 3 (n = 3) consisted of identical but untreated con- 
trol grafts. Tritiated thymidine (^H-TdR; 0.5 (iCi/kg) was 
injected im 10 hours before explantation. Grafts were 
explanted at 7 and 28 days for light and electron micro- 
scopy, Factor VIII immunohistochemlstry, and en face 
autoradiography for endothelial cells proliferation in ran- 
dom high power fields. Each graft was viewed by three 
"blinded" observers who did not know from which treat- 
ment group the graft came. Differences in endothelial 
cell proliferation were statistically analyzed by two-way 
ANOVA and independent t-tests. 
[0112] At 7 days 33% of both the fibrin glue and HB- 
GF-1 -supplemented fibrin glue demonstrated non-con- 
tiguous foci of endothelial cells (Fig. 11 ). The surface of 
the control grafts remained a fibrin coagulum. At 28 
days, every HBGF-1 -supplemented fibrin glue showed 
extensive capillary ingrowth and confluent endothellal- 
ized blood contacting surfaces, which were not seen in 
any specimen of the othertwo groups (Figs. 11 and 12). 
Figure 12 demonstrates that untreated grafts at 28 days 
had few visible endothelial cells on the surface (Panel 
G). Grafts treated with fibrin glue alone had about 33% 
of their surface covered with endothelial cells indicating 
that fibrin glue treatment alone encouraged some reen- 
dotheliallzatlon (Panel H). However, grafts treated with 
fibrin glue supplemented with HBGF-1 (Panel I) ap- 
peared to be completely (>95%) covered with endothe- 
lial cells which display the characteristic cobblestone 
morphology. Thus, the combination of growth factors 
delivered by fibrin glue was able to encourage essen- 
tially the complete covering of the vascular graft with a 
non-thrombogenic endothelial cell lining. En face auto- 
radiography revealed a statistically significant increase 
(p < .05) in 3H-TdR Incorporation Into the DNA of ECs 
in the HBGF-1 -supplemented fibrin glue grafts at 28 
days vs. all other groups both as a function of time and 
of graft treatment. 

[0113] These data demonstrate that pressure per- 
fusion of an HBGF-1 -supplemented fibrin glue suspen- 
sion into 60|j, Internodal distance expanded PTFE grafts 
promotes endothelialization via capillary ingrowth and 

increased EC proliferation. 

[0114] These studies suggest the possibility of en- 
hancing spontaneous reendotheiiallzation of small di- 
ameter vascular grafts in man, and also a method for 
stimulating a more rapid confluence of transplanted en- 
dothelial cells. 
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EXAMPLE 9 

Preparation of a Platelet-Derived Extract for Use 
with Fibrin Glue. 

[0115] Plasma reduced platelets were prepared and 
pelleted. The supernatant plasma was removed. The 
pelleted platelets were washed, suspended in buffer 
containing 50 mM histldine and 0.15 M sodium chloride 
atpH 6.5, and treated with bovine thrombin. After treat- 
ment, the supernatant was collected by centrifugation 
and aliquots were frozen at -80°C. The extract was 
thawed and mixed with fibrin glue or other tissue seal- 
ants. 

EXAMPLE 10 

Effect of Growth Factor-Supplemented Fibrin Glue 

on Wound Healing In Vivo. 

[0116] The effect of growth factor-supplemented fibrin 
glue on the rate of wound repair in diabetic mice was 
assessed. Two 6 mm full-thickness skin biopsies on the 
dorsal part of each of 6 test mice were filled with fibrin 
glue to which 5 ^ig of HBGF-ip had been added. Iden- 
tical biopsies in six mice were left untreated, and in six 
control mice werefilled with unsupplementsd fibrin glue. 
After 9 days, all of the mice were sacrificed and histo- 
logical preparations of 5 micron thick slices from each 
of the wounds and surrounding skin were prepared and 
stained with hematoxylin and eosin. 
[0117] The extent of wound repair in each sample, 
which was not identified as to the treatment group from 
which it came, was "blindly" evaluated by each of three 
trained analysts, who assessed collagen deposition, 
reepithelialization, thickness of the granulation tissue 
and the density of inflammatory cells, fibroblasts and 
capillaries. Each sample was scored from 1 to 1 5, rang- 
ing from no to complete repair. The samples from the 
wounds treated with unsupplemented fibrin glue were 
consistently given the lowest scores and those from the 
untreated wounds or wounds treated with the growth 
factor-supplemented fibrin glue were given the highest 
scores. 

EXAMPLE 11 

Fibrin Glue as a Delivery Vehicle of Osteoinductive 
Substances 

[0118] To study the ability of fibrin glue to contain the 
DBM and allow the migration of cells into the fibrin glue- 
DBM matrix, pellets made from a mixture of fibrin glue 
and DBM were implanted intramuscularly (pectoral 
muscle) and in a calvaria 8 mm diameter defect in Long 
Evans rats. The fibrin glue-DBM pellets were made us- 
ing a cylindrical press containing a gap which dimen- 
sions were 7 mm diameter and 0.7 m height. Twenty- 
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five mg of DBIVl obtained from human bones are mixed 
with 60 ul of FG, and compressed Into a disk-shaped 
pellet. Thefibrin glue contained approximately 45 mg of 
fibrinogen and 15 units of thrombin per ml. Five days 
after the pellets were Implanted, the animals were sac- 
rificed and the pellet with Its surrounding muscle and 
bone tissue was harvested. The samples were cut 
through the center of the disk and analyzed histological- 
ly. The histological analysis of these preparations indi- 
cates that the implanted pellets provided a matrix with 
a predetermined shape. The matrix contained large 
pore size channels through which the osteoinductive 
cell penetrated the Implant. When the fibrin glue-DBM 
matrix was made using fibrin glue and human DBM sup- 
plemented with BMP's, the body's osteogenic cells pen- 
etrated the porous matrix and formed the new bone. 
[0119] In general, the fibrinogen should be present at 
a final concentration of 3 to 60 mg/ml, with an optimal 
concentration of approximately 30 mg/ml. DBM should 
be present at an approximate concentration of about 50 
to 500 mg/ml. The osteoinductive growth factor(s) or 
BMP's should be present at a concentration of about 1 
to 100 ug/ml. The material should be carefully delivered 
into the gap of the nonunion. New bone should be re- 
generated in approximately 4 to 6 weeks. The shape of 
thefibrin glue-DBM matrix has been shown to determine 
the morphology of the newly formed bone. Therefore, 
when possible, the fibrin glue-DBM matrix should be 
made of a predetermined shape. The fibrin glue-DBM 
matrix In liquid form can bo delivered or injected into an 
irregularly shaped defect where it will polymerize and 
encourage the bone formation in the filled area, 
[0120] Since modifications will be apparent to those 
of skill in the art, it is intended that this invention be lim- 
ited only by the scope of the appended claims. 

Various preferred aspects of the Invention are as 
follows: 

[0121] 

(A) A composition that promotes wound healing, the 
endothellalization of a vascular prosthesis, orthe in 
vitro proliferation and/or differentiation of animal 
cells, comprising a tissue sealant and an effective 
concentration of at least one growth factor, wherein 
said concentration is effective in accelerating or oth- 
erwise promoting wound healing, the endotheliall- 
zatlon of a vascular prosthesis orthe in vitro prolif- 
eration and/or differentiation of animal cells. 

The composition may further comprise an ef- 
fective concentration of at least one compound se- 
lected from the group consisting of inhibiting com- 
pounds and potentiating compounds, wherein said 
inhibiting compounds inhibit the activities of said 
sealant that interfere with any of the biological ac- 
tivities of said growth factor, said potentiating com- 
pounds potentiate, mediate or enhance any of the 
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biological activities of said growth factor, and 
wherein said concentration is effective forachieving 
said inhibition, potentiation, mediation or enhance- 
ment. The inhibiting or potentiating compound may 
be heparin. 5 

The tissue sealant may be a fibrin glue. 

The growth factor may be a selected form the 
group consisting of platelet-derived growth factor 
(PDGF), insulin-binding growth factor-1 (IGF-1), in- 
sulin-binding growth factor-2 (IGF-2), epidermal io 
growth factor (EGF), transforming growth factor-a 
(TGF-a), transforming growth factor-p (TGF-p), 
platelet factor 4 (PF-4), osteogenin and other bone 
growth factors, collagen growth factors, heparin 
binding growth factor-1 (HBGF-1), heparin binding 15 
growth factor-2 (HBGF-2) and biologically active 
derivatives of any of said growth factors. In partic- 
ular, the growth factor may be HBGF-1 or a biolog- 
ically active derivative thereof. 

At least one growth factor may be provided In 20 
the form of a platelet-derived extract. 

(B) Use of a tissue sealant and an effective concen- 
tration of at least one growth factor for the manu- 
facture of a composition for promoting the healing 25 
of wounds by applying the composition to said 
wounds. 

The composition may Include an effective con- 
centration of at least one component selected from 
the group consisting of Inhibiting compounds and so 
potentiating compounds, wherein said Inhibiting 
compounds inhibit the activities of said sealant that 
interfere with any of the biological activities of said 
growth factor, said potentiating compounds poten- 
tiate, mediate or enhance any of the biological ac- ss 
tivities of said growth factor, and wherein said con- 
centration is effective for achieving said Inhibition, 
potentiation, mediation or enhancement. The inhib- 
iting orpotentlating compound may be heparin and/ 
orthegrowthfactormaybeHBGF-1 or a biological- 40 
ly active derivative thereof, 

The tissue sealant may be a fibrin glue. 

The growth factor may be selected from the 
group consisting of platelet-derived growth factor 
(PDGF), Insulin-binding growth factor-1 (IGF-1), In- 45 
sulln-binding growth factor-2 (IGF-2), epidermal 
growth factor (EGF), transforming growth factor-a 
(TGF-a), transforming growth factor-p (TGF-p), 
platelet factor 4 (PF-4), osteogenin and other bone 
growth factors, collagen growth factors, heparin so 
binding growth factor-1 (HBGF-1), heparin binding 
growth factor-2 (HBGF-2) and biologically active 
derivatives of any of said growth factors. In partic- 
ular, the growth factor may be HBGF-1 or a biolog- 
ically active derivative thereof, 55 

The wound may be an Internal wound. The in- 
ternal wound may be a broken bone. If the Internal 
wound Is a brol<en bone, at least one of said growth 



factors may be osteogenin. 

The wound may be an external wound. If the 
wound is external, at least one of said growth fac- 
tors may be epidermal growth factor. 

(C) Use of a tissue sealant and an effective concen- 
tration of at least one growth factor for the manu- 
facture of a composition for promoting endothelial- 
izatlon of a vascular prosthesis by applying the 
composition to said prosthesis. 

The composition may also Include an effective 
concentration of at least one component selected 
from the group consisting of Inhibiting compounds 
and potentiating compounds, wherein said inhibit- 
ing compounds Inhibit the activities of said sealant 
that interfere with any of the biological activities of 
said growth factor, said potentiating compounds po- 
tentiate, mediate or enhance any of the biological 
activities of said growth factor, and wherein said 
concentration is effective for achieving said Inhibi- 
tion, potentiation, mediation or enhancement. The 
inhibiting or potentiating compound may be 

The tissue sealant may be a fibrin glue. 

The growth factormay be selected for the group 
consisting of platelet-derived growth factor (PDGF), 
Insulin-binding growth factor-1 (IGF-1), insulin- 
binding growth factor-2 (IGF-2), epidemial growth 
factor (EGF), transfonmlng growth factor-a (TGF- 
a), transforming growth factor-p (TGF-p), platelet 
factor 4 (PF-4), osteogenin and other bone growth 
factors or bone morphogenic proteins, collagen 
growth factors, heparin binding growth factor-1 
(HBGF-1), heparin binding growth factor-2 (HBGF- 
2) and biologically active derivatives of any of said 
growth factors. In particular, the growth factor may 
be HBGF-1 or a biologically active derivative there- 
of. 

(D) A process for promoting the in vitro proliferation 
and differentiation of animal cells, comprising plac- 
ing said cells onto and/or into atlssue sealant which 
contains an effective concentration of at least one 
growth factor, wherein said concentration is effec- 
tive in accelerating or otherwise promoting the in vit- 
ro proliferation and differentiation of said cells. 

The composition may also include an effective 
concentration of at least one component selected 
from the group consisting of inhibiting compounds 
and potentiating compounds, wherein said Inhibit- 
ing compounds Inhibit the activities of said sealant 
that interfere with any of the biological activities of 
said growth factor, said potentiating compounds po- 
tentiate, mediate or enhance any of the biological 
activities of said growth factor, and wherein said 
concentration is effective for achieving said inhibi- 
tion, potentiation, mediation or enhancement. The 
inhibiting or potentiating compound may be 
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5. A composition as claimed in any one of claims 2 to 
4, wtierein said iniilbitingorpotentiating compound 
is heparin. 

s 6. The use of a composition as defined in any one of 
claims 1 to 5 in the preparation of an agent for pro- 
moting the healing of wounds. 

7. The use as claimed in claim 6, wherein said wound 
10 is an internal wound. 

8. The use as claimed In claim 7, wherein said Internal 
wound Is a broken bone. 

15 9. The use as claimed In claim 8, wherein said agent 
comprises osteogenin. 

10. The use as claimed In claim 6, wherein the wound 
is an external wound. 

11. The use as claimed in claim 10, wherein said e)rter- 

nal wound is a skin wound. 

12. The use as claimed in claim 10, wherein said agent 
25 comprises heparin binding growth faotor-1 . 

13. The use of a tissue sealant and a growth factor in 
the preparation of an agent for promoting prolifera- 
tion and/or differentiation of animal cells. 

30 

14. The use as claimed in claim 13, wherein said cells 
are endothelial cells. 

15. The use as claimed in claim 13, wherein said cells 
35 are fibroblasts. 

16. The use as claimed in claim 13, wherein said agent 
comprises fibroblast growth factor-1 . 

40 17. A process for promoting proliferation and/or differ- 
entiation of animal cells, comprising placing said 
cells onto or into a composition comprising a tissue 
sealant and a growth factor. 

45 18. The process of claim 1 7, wherein said cells are en- 
dothelial cells. 

19. The process of claim 17, wherein said cells are fi- 
broblasts. 

50 

20. The process as claimed in claim 17, wherein said 



heparin. 

The tissue sealant may be a fibrin glue. 

The growth factor may be selected from the 
group consisting of platelet-derived growth factor 
(PDGF), insulin-binding growth factor-1 (IGF-1), in- 
sulin-binding growth factor-2 (IGF-2), epidermal 
growth factor (EGF), transfomriing growth factor-a 
(TGF-a), transforming growth factor-p (TGF-p), 
platelet factor 4 (PF-4), osteogenin and other bone 
growth factors, collagen growth factors, heparin 
binding growth factor-1 (HBGF-1), heparin binding 
growth factor-2 (HBGF-2) and biologically active 
derivatives of any of said growth factors. In partic- 
ular, the growth factor may be HBGF-1 or a biolog- 
ically active derivative thereof. 

At least one growth factor may be provided In 
the form of a platelet-derived extract. 

The animal cells may be human cells. 

The animal cells may be endothelial cells. 

The animal cells may be fibroblasts. 



Claims 



Claims for the foliowing Contracting States : AT, BE, 
CH, LI, DE, DK, FR, GB, IT, LU, NL, SE 

1 . A composition comprising a tissue sealant which is 
fibrinogen or fibrin glue and a growth factor. 

2. A composition as claimed in claim 1, further com- 
prising at least one compound selected from the 
group consisting of inhibiting compounds and po- 
tentiating compounds, wherein said inhibiting com- 
pounds Inhibit the activities of a component of said 
sealant that Interfere with any of the biological ac- 
tivities of said growth factor, wherein said potentiat- 
ing compounds potentiate, mediate or enhance the 
biological activities of said growth factor. 

3. A composition as claimed In claim 1 or claim 2, 
wherein said growth factor is selected from the 

group consisting of platelet-derived growth factor 
(PDGF), insulin-binding growth factor-1 (IGF-1), In- 
sulin-binding growttn factor-2 (iGF-2), epidermal 
growth factor (EGF), transforming growth factor-a 
(TGF-a), transfonning growth factor [3 (TGF-p), 
platelet factor 4 (PF-4), osteogenin and other bone 
growth factors, collagen growth factors, heparin 
binding growth factor-1 (HBGF-1), heparin binding 
growth factor-2 (HBGF-2) and biologically active 
derivatives of any said growth factors. 

4. A composition as claimed in any one of clams 1 to 55 
3, wherein said growth factor is in the form of a 
platelet-derived extract. 



composition further comprises at least one com- 
pound selected from the group consisting of inhib- 
iting compounds and potentiating compounds, 
wherein said inhibiting compounds inhibit the activ- 
ities of a component of said sealant that interfere 
with any of the biological activities of said growth 
factor, wherein said potentiating compounds poten- 
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tiate, mediate or enhance the biological activities of 
said growth factor. 

21. The process as claimed in claim 17, wherein said 
growth factor is selected from the group consisting 
of platelet-derived growth factor (PDGF), insulin- 
binding growth factor-1 (IGF-1), insulin-binding 
growth factor-2 (IGF-2), epidermal growth factor 
(EGF), transforming growth factor-a (TGF-a), 
transforming growth factor-p (TGF-(3), platelet fac- 
tor-4 (PF-4), osteogenin and other bone growth fac- 
tors, collagen growth factors, heparin binding 
growth factor-1 (HBGF-1), heparin binding growth 
factor-2 (HBGF-2) and biologically active deriva- 
tives of any said growth factors. 

22. The process claimed in claim 20, wherein said com- 
pound is heparin. 

23. A process for coating the surface of a biomateriai, 
comprising applying a composition to said biomate- 
riai, said composition comprising a tissue sealant 
and agrowth factor. 

24. The process of claim 23, wherein said biomateriai 
is a vascular prosthesis and wherein the process 
promotes the endothelialization of the vascular 
prosthesis. 

25. The process as claimed in claim 23, wherein said 
composition further comprises at least one com- 
pound selected from the group consisting of inhib- 
iting compounds and potentiating compounds, 
wherein said inhibiting compounds inhibit the activ- 
ities of a component of said sealant that interfere 
with any of the biological activities of said growth 
factor, wherein said potentiating compounds poten- 
tiate, mediate or enhance the biological activities of 
said growth factor. 

26. The process as claimed In claim 23, wherein said 
growth factor is selected from the group consisting 
of platelet-derived growth factor- (PDGF), insulin- 
binding growth factor-1 (IGF-1), insulin-binding 
growth factor-2 (IGF-2), epidermal growth factor 
(EGF), transforming growth factor-a (TGF-a), 
transforming growth factor-p (TGF-p), platelet fac- 
tor-4 (PF-4), osteogenin and other bone growth fac- 
tors, collagen growth factors, heparin binding 
growth factor-1 (HBGF-1), heparin binding growth 
factor-2 (HBGF-2) and biologically active deriva- 
tives of any said growrth factors. 

27. The process as claimed in claim 25, wherein said 
compound is heparin. 



32 

Claims for the following Contracting States : ES, GR 

1 . A process for the preparation of a composition com- 
prising a tissue sealant which is fibrinogen or fibrin 
glue, the process comprising admixing the compo- 
nents. 

2. A process for the preparation of a composition as 
defined in claim 1 which further comprises at least 
one compound selected from the group consisting 
of inhibiting compounds and potentiating com- 
pounds, wherein said Inhibiting compounds inhibit 
the activities of a component of said sealant that in- 
terfere with any of the biological activities of said 
growth factor, wherein said potentiating compounds 
potentiate, mediate or enhance the biological activ- 
ities of said growth factor. 

3. A process as claimed in claim 1 or claim 2, wherein 
said growth factor is selected from the group con- 
sisting of platelet-derived growth factor (PDGF), in- 
sulin-binding growth factor-1 (IGF-1), insulin-bind- 
ing growth factor-2 (IGF-2), epidermal growth factor 
(EGF), transforming growth factor-a (TGF-a), 
transfomiing growth facto r p (TGF-p), plateletfactor 
4 (PF-4), osteogenin and other bone growth factors, 
collagen growth factors, heparin binding growth fac- 
tor-1 (HBGF-1), heparin binding growth factor-2 
(HBGF-2) and biologically active derivatives of any 
said growth factors. 

4. A process as claimed in any one of clams 1 to 3, 
wherein said growth factor is in the form of a plate- 
let-derived extract. 

5. A process as claimed in any one of claims 2 to 4, 
wherein said inhibiting or potentiating compound is 

heparin. 

6. The use of a composition as defined in any one of 
claims 1 to 5 in the preparation of an agent for pro- 
moting the healing of wounds. 

7. The use as claimed in claim 6, wherein said wound 
is an internal wound. 

8. The use as claimed in claim 7, wherein said internal 
wound is a broken bone. 

9. The use as claimed in claim 8, wherein said agent 
comprises osteogenin. 

10. The use as claimed in claim 6, wherein the wound 
Is an external wound. 

11. The use as claimed In claim 1 0, wherein said exter- 
nal wound is a skin wound. 
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12. The use as claimed in claim 1 0, wherein said agent 
connprises heparin binding growth factor-1 . 

13. The use of a tissue sealant and a growth factor in 
the preparation of an agent for promoting prolifera- 
tion and/or differentiation of animal ceils. 

14. The use as claimed in claim 13, wherein said cells 
are endothelial cells. 

15. The use as claimed in claim 13, wherein said ceils 
are fibroblasts, 

16. The use as claimed in claim 13, wherein said agent 
comprises fibroblast growth factor-1 . 



24. The process of claim 23, wherein said biomaterial 
is a vascular prosthesis and wherein the process 
promotes the endothelialization of the vascular 
prosthesis. 

25. The process as claimed in claim 23, wherein said 
composition further comprises at least one com- 
pound selected from the group consisting of inhib- 
iting compounds and potentiating compounds, 
wherein said inhibiting compounds inhibit the activ- 
ities of a component of said sealant that interfere 
with any of the biological activities of said growth 
factor, wherein said potentiating compounds poten- 
tiate, mediate or enhance the biological activities of 
said growth factor. 



17. A process for promoting proliferation and/or differ- 
entiation of animal cells, comprising placing said 
cells onto or into a composition comprising a tissue 
sealant and a growth factor. 

18. The process of claim 17, wherein said cells are en- 
dothelial cells, 

19. The process of claim 17, wherein said cells are fi- 
broblasts, 

20. The process as claimed in claim 17, wherein said 
composition further comprises at least one com- 
pound selected from the group consisting of inhib- 
iting compounds and potentiating compounds, 
wherein said inhibiting compounds inhibit the activ- 
ities of a component of said sealant that interfere 
with any of the biological activities of said growth 
factor, wherein said potentiating compounds poten- 
tiate, mediate of enhance the biological activities of 
said growth factor. 



25. The process as claimed in claim 23, wherein said 
growth factor is selected from the group consisting 
of platelet-derived growth factor (PDGF), insulin- 
binding growth factor-1 (lGF-1), insulin-binding 
growth factor-2 (IGF-2), epidermal growth factor 
(EGF), transforming growth factor-a (TGF-a), 
transforming growth factor-p (TGF-p), platelet fac- 
tor-4(PF-4), osteogenin and other bone growth fac- 
tors, collagen growth factors, heparin binding 
growth factor-1 (HBGF-1), heparin binding growth 
factor-2 (HBGF-2) and biologically active deriva- 
tives of any said growth factors, 

27. The process as claimed in claim 25. wherein said 
compound is heparin. 



21. The process as claimed In claim 17, wherein said 
growth factor is selected from the group consisting 
of platelet-derived growth factor (PDGF), insulin- 
binding growth factor-1 (IGF-1), insulin-binding 
growth factor-2 (lGF-2), epidermal growth factor 
(EGF), transfomiing growth factor-a (TGF-a), 
transforming growth factor-p (TGF-p), platelet fac- 
tor-4(PF-4), osteogenin and other bone grovirth fac- 
tors, collagen growth factors, heparin binding 
growth factor-1 (HBGF-1), heparin binding growth 
factor-2 (HBGF-2) and biologically active deriva- 
tives of any said growth factors. 



22. The process as claimed ii 
compound is heparin. 



claim 20, wherein said 



23. A process for coating the surface of a biomaterial, 
comprising applying a composition to said biomate- 
rial, said composition comprising a tissue sealant 
and a growth factor. 
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